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INTRODUCTION
Facial anomalies can physically and psychologically 

mark a patient and their family for life. It is an obligation 
of the medical team to give these patients the best possible 
treatment so that they can functionally develop. Unilateral 
cleft lip (UCL) is by far the most common facial anomaly, 
representing 95% of cases.1 The cheiloplasty seeks the cre-
ation of a full upper lip of adequate height and symmetry.2

Several methods have been described, but “pan-
acea” has not been found for the repair of UCL. 
Although straight-line techniques provide a very good 
cosmetic scar, they do not compensate for the vertical 
lack of tissue on the cleft side; thus, symmetry is seldom 
achieved.3 On the other hand, techniques that are usu-
ally successful in reaching an adequate height, such as 
Millard and Mohler, leave a more visible scar.4 There 
are also techniques, such as Tennison and Skoog, that 
leave a very visible scar and sometimes leave even a  
longer lip on the cleft side; however, in some severe 
cases, these techniques are the only way to compensate 
for very short medial and/or lateral segments of the 
cleft lip.5,6

Thus, there are several factors that influence the final 
result of the UCL treatment. For some of these, such as 
the surgeon’s skill and experience or the pre- and post-
operative care, it would be very hard to find an objective 
evaluation method.7,8

An important factor is the severity of the cleft. As 
cited by Fisher et al,9 “the final appearance of the lip 
and nose is determined by several factors; however, the 
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greatest determinant is the severity of primary defor-
mity.” Although this would be an easier-to-assess factor, an 
objective and applicable universal method has not been 
achieved.10 In September 2017, Campbell et al11 proposed 
the “Index of Severity of the Fissure of the Unilateral Cleft 
Lip” as a tool for assessing UCL repair outcomes. This 
index classifies UCL into 4 categories according to the 
severity of the primary cleft.

However, we often see very inconsistent results, even 
though it is the same surgeon, the same surgical tech-
nique, and the same Campbell severity index. There are a 
range of factors that contribute to the inconsistent results, 
such as variations of nasal anatomy, that require subtle 
technique adjustments and the difficulty in predicting 
long-term outcomes of a cleft repair.12 Also, at times the 
most experienced surgeons choose one surgical tech-
nique or another on a case-by-case basis, without describ-
ing a clear reason why.

In this article, we present a two-part study. First is a 
retrospective study, which analyzes cases of patients with 
UCL treated during 2015, 2016, and 2017. The analysis 
of the results allows us to formulate an algorithm for 
the evaluation and choice of treatment of UCL, taking 
into account its characteristics and the specific benefits 
of each surgical technique. In the second part, the algo-
rithm is prospectively applied for 2 years, 2018 and 2019, 
and the reliability and applicability of the algorithm were 
analyzed.

RETROSPECTIVE STUDY
A retrospective study was carried out analyzing the 

medical records and photographic archives of patients 
with UCL that presented to Operation Smile Ecuador 
(OSE) during from January 2015 to December 2017.

Methods
The medical records of 298 cases were analyzed, and 

the following data were collected:

	 1.	Presurgical data: universal cardinal marking points and 
lip dimensions of presurgical photographs (Fig. 1A).

	 2.	Postsurgical data: Lip dimensions at first week, first 
month, and sixth month.

	 3.	Surgical technique.
	 4.	Complications.

Definition of the 4 Lines
Using the universal cardinal marking points, from 

the presurgical study in UCL, we draw 4 lines, as seen in 
Figure 1B:

	 A.	Between the apex of the cupid arc and the base of the 
healthy side columnella (2–6).

	 B.	Between the apex of the cupid arc and the base of the 
cleft side columnella (3–8).

	 C.	Between the Noordhoff point and the base of the 
nasal wing on the cleft side (4–9).

	 D.	Between the apex of the cupid’s arc and the base of 
the nasal wing of the healthy side (2–7).

Presurgical Data
Because the retrospective study was carried out using 

data from photographic archives, we agreed that the dif-
ference between the 4 lines should be considered in terms 

Takeaways
Question: How can a surgeon decide what technique to 
choose when repairing a cleft lip to reduce scarring and 
maximize function?

Findings: The four-line algorithm provides surgeons with 
a tool to choose a technique that will produce an ideal 
result based on a combination of cleft severity and a tech-
nique’s tissue compensation.

Meaning: Surgeons can use this tool to choose the tech-
nique that will yield an ideal result based on the severity 
of the cleft, which could also improve patient happiness.

Fig. 1. Anatomical markings for unilateral cleft lip and associated surgical lines. A, Universal cardinal marking points. B, Presurgical lines 
based on universal cardinal marking points.
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of percentage instead of millimeters. This would also be 
consistent with the fact that in real life, we would be treat-
ing patients of different ages, races, sexes, and sizes. From 
the collected data of the 298 charts, we looked at the dif-
ference between lines A–B (medial) and C–D (lateral) of 
the presurgical 4-line measurements. We proposed the 
Unilateral Cleft Asymmetry Index (UCAI) to classify the 
presurgical results of our study (Fig. 2).

Postsurgical Data
The analysis of postsurgical results evaluated the sym-

metry of the lip in what concerns its height. We classified 

the results according to Figure 2 and graded the symmetry 
as optimal if it is symmetrical, acceptable if the difference 
is less than 10%, and deficient if the difference is more 
than 10% (Fig. 3).

Surgical Techniques
Surgical techniques were grouped according to the 

amount of tissue they contribute to lengthening the short 
segment of the deformity and the noticeability of the 
resulting scar (Fig. 4):

None: Such as vertical or straight-line technique, with 
no contribution of tissue.

Minimal: Such as the Fisher technique, with minimal 
contribution of tissue.12

Moderate: Such as Millard or Mohler, with moderate 
contribution of tissue.13

Major: Such as Tennison or mixed, with a large contri-
bution of tissue.14

Complications
Cases in which there were complications, such as 

infection, dehiscence, and so on, were grouped here and 
excluded from the study.

Outcomes Analysis
Results were analyzed by comparing the surgical tech-

nique, presurgical UCAI classification, and the postsur-
gical outcome using Microsoft Excel (Microsoft Corp, 
Redmond, WA, USA). Data analysis included descriptive 
results and chi-square tests with significance marked at a P 
value less than 0.05.

Results
Presurgical Data

In the analysis of lines A and B, we found that line B 
was shorter than line A in every case. Of the 298 cases, 

Fig. 2. Unilateral Cleft Asymmetry Index.

Fig. 3. Classification of lip symmetry postsurgery.

Fig. 4. Tissue compensation groupings based on resulting scar.
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using the UCAI, we found that most cases were grade II 
(GII) (43%) and the fewest were grade IV (GIV) (4%) 
(Table 1). When comparing the difference between lines 
C and D (the lateral measurements), in most of the cases 
the cleft side was shorter, except for 3 cases where the 
cleft side was larger than the normal side. According to 
the UCAI with the lateral measurements, most cases were 
grade I (GI) degree (52%) and none of them were GIV 
(0%) (Table 1).

Postsurgical Data
Postsurgical results were analyzed by the lead author 

and discussed among the article authors. Bias was 
addressed objectively by the use of the grading chart in 
Figure 4. In the analysis of postsurgical symmetry, we 
observed acceptable or deficient symmetry in most of the 
cases, whereas the goal is optimal symmetry (Fig. 5).

Surgical Technique
Overall, moderate tissue contribution techniques were 

most used (50%), followed by minimal (41%), and major 
and no tissue contribution were least used (4%, each) 
(Fig. 5).

Complications
There were complications in 15 cases (5%). These 

cases were excluded from further study.

Outcomes Analysis
Overall comparison of the surgical technique 

and postsurgical symmetry shows that optimal sym-
metry was achieved the most (50%) in vertical-type 
techniques with no tissue contribution, followed by 
Tennison-type with major tissue contribution (46%); 
Millard- or Mohler-type with moderate tissue contri-
bution (45%); and finally, Fisher-type with minimal 
tissue contribution (42%); Deficient results occurred 
the most in the Fisher-type techniques (39%) and the 
least in the Tennison-type techniques (15%). Overall, 
moderate tissue contribution techniques were the most 
commonly used (50%), followed by minimal (41%), 
with major and no tissue contribution accounting for 
4% each (Fig. 5).

Presurgical UCAI of the medial portion was used to con-
trast the surgical technique and presurgical UCAI. There 
was significant variation in postsurgical outcomes among 
GII (P = 0.009), GIII (P < 0.001), and GIV (P < 0.001). 
Patients with UCAI GII had the most optimal results with 
moderate tissue contribution techniques (74%), whereas 

no tissue contribution techniques had the most deficient 
outcomes (57%). Among UCAI GIII, most patients either 
received minimal (n = 40) or moderate (n = 33) tissue 
contribution techniques. The GIII minimal tissue contri-
bution outcomes were mostly deficient (85%), whereas 
the moderate tissue contribution techniques were mostly 
optimal (55%). UCAI GIV patients only received moder-
ate tissue (n = 51) or major tissue contribution (n = 6) 
with deficient outcomes for 80% of the moderate tissue 
contribution and optimal outcomes for 67% of the major 
tissue contribution (Fig. 5).

Deficient symmetry (10% or more) was found on the 
lateral side of the cleft (line D), in 34 cases (11%), all 
of them in GIII UCAI. We did not find remarks in the 
surgical protocols about any technique used to solve this 
asymmetry.

Discussion
Overall, the retrospective study supports the hypoth-

esis that the surgical technique used influences lip sym-
metry but is dependent on the UCAI as the more severe 
degrees resulted in more deficient outcomes. Straight-
line techniques result in a cosmetically appealing scar, 
but they poorly compensate for the vertical lack of tissue 
on the cleft side; therefore, symmetry is only achieved 
in select cases. Fisher et al.9 addressed the issue of com-
pensation to create more symmetry through presurgi-
cal columellar angle and nostril width measurements. 
Techniques with minimal tissue contribution, such as 
the Fisher technique, leave a minimal scar, but an opti-
mal or tolerable symmetry is only achieved in cases with 
a GII UCAI. In GIII cases, good symmetry was achieved 
only in 20%.

On the other hand, techniques that are usually suc-
cessful in reaching an adequate height, such as Millard 
and Mohler, leave a more visible scar. Techniques such as 
Tennison and Skoog leave a very visible scar and some-
times even a long lip on the cleft side, but, in some severe 
cases, it is the only way to compensate for a very short cleft 
lip. In terms of symmetry, 1 study that evaluated surgical 
outcomes for 20 years found that upper rotation advance-
ment plus double unilimb Z-plasty led to better lip symme-
try for patients with moderate tissue deficiency, whereas 
a triple unilimb Z-plasty led to better lip symmetry for 
patients with severe tissue deficiency.15 A mixed technique 
is also an excellent alternative for severe cases with the 
benefit of a better cosmetic scar.

Symmetry of the lateral side of the cleft may also need 
compensation. In the retrospective part of this study, there 

Table 1. Symmetry Severity by UCAI Classification of the Medial and Lateral Portions in the Retroactive (Before) and Pro-
spective (After) Studies

UCAI Classification

GI GII GIII GIV

Retroactive Medial (A–B) 61 (20%) 127 (43%) 98 (33%) 12 (4%)
Lateral (C–D) 154 (52%) 93 (31%) 51 (17%) 0 (0%)

Prospective Medial (A–B) 24 (18%) 59 (43%) 51 (38%) 2 (1%)
Lateral (C–D) 71 (53%) 42 (31%) 22 (16%) 0 (0%)
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is no described technique used for this purpose, leaving 
11% of the cases with an evident asymmetry.

The retrospective study supports the hypothesis and 
previous literature showing that surgical technique 
greatly influences the aesthetic results of lip repair. With 
this evidence, we formulated the “four-line algorithm” 
that applies the medial and lateral UCAI to select the 
most optimal surgical technique and achieve 2 objec-
tives: a symmetrical result and the least possible percep-
tible scar.

PROSPECTIVE STUDY USING THE FOUR-
LINE ALGORITHM

Methods
In this part of the study, the four-line algorithm is 

applied to 136 patients with UCL who presented to OSE 
from January 2018 to December 2019. All procedures 
were performed by the authors of this article. The follow-
ing data were collected:

	 1.	The 4-line (A–D) presurgical measurements. The 
four-line algorithm is summarized in Table 2.

	 2.	The UCAI degree and the surgical technique used.
	 3.	The measurements of the lines in the postsurgical 

controls at first week, first month, and sixth month.

	 4.	Complications.

Methods in the prospective portion of the study 
were consistent with the methods of the retroactive  
study.

Surgical Technique
The authors applied the four-line algorithm to deter-

mine which techniques resulted in the best outcomes for 
the respective UCAI classifications.

Results
Presurgical Data

Using the UCAI for the medial portion, most patients 
were GII degree (43%) and the least were GIV (1%). 

Fig. 5. Postsurgical analysis of symmetry based on tissue contribution and presurgical medial UCAI classifications in the retroactive study.

Table 2. The Four-line Algorithm Demonstrating the Sug
gested Techniques Based on Medial and Lateral Portioning 
The Four-line Algorithm

Surgical Technique

UCAI Medial Portion Lateral Portion

GI Vertical
GII Fisher Fisher
GIII Millard Mixed
GIV Mixed
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Using UCAI for the lateral portion, most patients were GI 
(53%), whereas the least were GIII (16%), and none were 
GIV (Table 1). The patient classifications for the prospec-
tive study are in similar proportions to the classifications 
of the retroactive study, which makes these sets of data 
comparable.

Postsurgical Data
After applying the four-line algorithm for all 136 

cases, there were mostly optimal results (84%), and 
no case had deficient asymmetry of more than 10% 
between the normal and the cleft sides. Patients with 
GI classification had similar results before and after 
the four-line algorithm, with 80% of patients achiev-
ing optimal results; however, there were no deficient 
results after the four-line algorithm compared with 5% 
before. These results were not statistically significant 
(P = 0.456). The most significant change in outcomes 
was in the GIII patients, where 51% had optimal or 
acceptable outcomes before the algorithm, and 100% 
had optimal or acceptable outcomes after the algo-
rithm was applied (P < 0.001). Likewise, 100% of GIV 
patients had optimal or acceptable outcomes after the 
algorithm compared with only 28% before, which was 
statistically significant (P = 0.041) (Fig. 6).

Surgical Technique
Due to scar quality, surgeons selected techniques with 

minimal scarring that follow anatomical folds, for exam-
ple, vertical and Fisher, less often than techniques that 

leave larger scars and cut the anatomical folds, for exam-
ple, Millard and Mohler.

Patients with medial UCAI GI had optimal outcomes 
when surgeons used the vertical or straight-line tech-
niques, leaving a cosmetically appealing scar and a sym-
metrical lip due to almost complete compensation using 
the Rose–Thompson effect. The Fisher technique can 
successfully be applied in cleft lips with UCAI GI or GII, 
leaving a very cosmetically appealing scar and excellent 
symmetry in the lip. In a UCAI GIII, a good result is less 
probable. The Millard- or Mohler-type techniques would 
leave a too visible scar if they were used in cleft lips with a 
UCAI GI or GII degree, but they are the best choice for a 
UCAI GIII. The Tennison- or Skoog-type techniques are 
good for UCAI GIV cases, but they leave a very evident 
scar; therefore, we recommend the mixed technique 
(Fisher + Millard) that leaves a less evident scar while 
achieving good symmetry.

For patients with lateral UCAI GII, the surgeons con-
sidered the use of Fisher variant 2 (for short). In UCAI 
GIII, we considered adding the Percy Rossell triangle to 
improve outcomes.16

Discussion
Many factors influence the outcome of UCL treat-

ment, the 2 most important being the severity of the cleft 
and the surgical technique that was used. As this study sug-
gests, these should be considered interdependently, and 
not separately. The large number of surgical techniques 
described for the treatment of UCL and the persistent 

Fig. 6. Symmetry severity by UCAI classification of the medial and lateral portions in the retroactive (before) and prospective (after) 
studies.
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inconsistency in the results reflect that a master technique 
has not yet been found.17 In most cases, this is not due 
to errors in the technique, but because none of the tech-
niques are universally applicable, as shown in the retro-
spective study.

The results of the prospective study compared with the 
retroactive study show the effectiveness of the four-line 
algorithm in producing more optimal outcomes. In the 
retroactive study, the highest reported optimal outcome 
was 42% of patients (vertical-type/no tissue contribution 
technique) compared with 82% of patients in the prospec-
tive portion (Fisher). Notably, there were no patients with 
a deficient outcome across all UCAI classifications in the 
prospective study compared with 11% of patients in the 
retroactive study. This demonstrates the utility of the four-
line algorithm in selecting a technique for the best sym-
metry outcomes.

This study is limited by the cases presented to OSE in 
the study period, of which only 2 were the most severe 
UCAI classification, GIV. Deficient symmetry was most 
notable in GIV cases of the retroactive study, so the limited 
sample size in the prospective study limits the conclusive-
ness of these results.

CONCLUSIONS
Although previous literature addresses the symmetri-

cal results of one technique over another, the results of 
the prospective study show that the four-line algorithm 
can provide a practical and efficient guide to choosing 
the best surgical technique using the UCAI degree, with 
the goal of achieving optimal symmetry with the least evi-
dent scar.
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